Question: Do clinical tests accurately diagnose rotator cuff pathology? Design: A systematic review of investigations into the diagnostic accuracy of clinical tests for rotator cuff pathology. Participants: People with shoulder pain who underwent clinical testing in order to diagnose rotator cuff pathology. Outcome measures: The diagnostic accuracy of clinical tests was determined using likelihood ratios. Results: Thirteen studies met the inclusion criteria. The 13 studies evaluated 14 clinical tests in 89 separate evaluations of diagnostic accuracy. Only one evaluation, palpation for supraspinatus ruptures, resulted in significant positive and negative likelihood ratios. Eight of the 89 evaluations resulted in either significant positive or negative likelihood ratios. However, none of these eight positive or negative likelihood ratios were found in other studies. 
Introduction
Shoulder pain can be a debilitating condition and is estimated to be the third most common cause of musculoskeletal consultation in primary care (Urwin et al 1998) . Rotator cuff pathology may be a major cause of shoulder pain. Using tests that are the subject of this review, Ostor et al (2005) found rotator cuff tendinopathy to be present in 85% of patients presenting to a general medical practice with shoulder pain. Murrell and Walton (2001) reported that rotator cuff tears account for up to 50% of major shoulder injuries, but noted that they are sometimes difficult to diagnose. Two reviews have been completed investigating tests for rotator cuff pathology and both have questioned the diagnostic accuracy of clinical tests of rotator cuff pathology. Dinnes et al (2003) reviewed the diagnostic accuracy of investigations including ultrasound and magnetic resonance imaging without focusing on clinical testing. Hegedus et al (2008) reviewed clinical tests for all shoulder pathology, not just the rotator cuff, but included studies that had not used accepted reference standards such as operation report or magnetic resonance imaging.
A lack of consensus on diagnostic criteria and concordance in clinical assessment may complicate the choice of intervention (Mitchell et al 2005) . Accurate clinical testing should facilitate timely and appropriate intervention for patients presenting with shoulder pain and suspected rotator cuff pathology. Therefore, the research question for this review was: Do clinical tests accurately diagnose rotator cuff pathology?
Method Identification and selection of studies
Electronic data bases AMED, CINAHL, Embase, Medline, SportsDISCUS were searched from January, 1966 to April, 2007 (see Appendix 1 on the eAddenda for the search strategy). Two key concepts were used for the search. The two concepts were linked in the search, using the 'and' operator and each concept comprised 'or' operators. The terms in the first concept were rotator cuff or the individual muscles which contribute to the rotator cuff or the names of standard clinical tests for rotator cuff pathology as described by Brukner and Kahn (2006) and Donatelli (2004) . The terms in the second concept related to diagnostic accuracy. The search was supplemented by a search of the references of included studies. Three reviewers (PH, RG and NT) independently screened the title and abstract of papers identified in the initial search strategy against the inclusion criteria (Box 1) and potentially relevant studies were retrieved for evaluation of full text. Differences of opinion between reviewers were resolved by consensus. Studies were included in the review if they were full reports of English language studies in peer-reviewed journals, involving participants presenting with shoulder pain who underwent clinical diagnostic testing using tests such as, but not restricted to, those proposed for rotator cuff testing in two standard texts, Brukner and Kahn (2006) or Donatelli (2004) . Studies were included if they compared the results Was the decision to perform the reference standard independent of the test results?
Check if all the people who presented with shoulder pain (as opposed to only those with a positive test) received the reference standard.
Was there a valid reference standard? Check if the all the patients underwent surgery or MRI and were included in the analysis.
Was the test and reference standards measured independently (ie. blind to each other)?
Check if the clinical tests and the reference standard were measured blind to the results of each other. If they were silent on this, accept that they were not blind.
If the reference standard was a later event that the test aimed to predict, was any intervention decision blind to the test result?
Check if there was no treatment between the clinical test and the reference standard. If they were silent on this, accept that there was no treatment between the clinical teat and reference standard. of clinical testing for rotator cuff pathology with the findings of a reference standard appropriate for rotator cuff injury. Sackett and Haynes (2002) recommend operation report as a reference standard in diagnostic testing, while magnetic resonance imaging has been reported to be to be highly accurate for the detection of rotator cuff lesions (Ardic et al 2006) . Studies were only included if they *adapted from National Health and Medical Research Council 1999 reported sensitivity and specificity values (or enough data to calculate sensitivity and specificity values) which allowed the calculation of likelihood values as an indication of the diagnostic accuracy of the clinical tests.
Assessment of methodological quality of studies
To reduce sources of bias, three reviewers independently assessed the included studies for methodological quality using criteria adapted from guidelines for appraising studies concerned with diagnostic tests by the National Health and Medical Research Council (1999) . Differences of opinion between reviewers were resolved by consensus. Table 1 outlines the questions and the interpretive rules that were applied to assess quality. 
Data analysis
Data were extracted from each included study using a standard form developed for the review. One reviewer extracted data, which were then checked by a second reviewer. Data extracted included research designs of the included trials, the clinical test and reference standards used, participant demographics, diagnostic criteria of the clinical tests, the degree of tear, and sensitivity and specificity values.
Diagnostic accuracy was determined using likelihood ratios. Where they were not reported, positive likelihood ratios (+LR) and negative likelihood ratios (-LR) were calculated from sensitivity and specificity values. Likelihood ratios are clinically useful statistics for summarising diagnostic accuracy (Deeks and Altman 2004) and are considered to be the best indices of diagnostic validity (Riddle and Stratford 1999) . They assess the accuracy of a diagnostic test in terms of shifting the pre-test probability of the patient truly having Significant shift = +LR greater than 10, and -LR less than 0.1 Small shift = +LR between 5 and 10, and -LR between 0.1 and 0.2 Smaller shift = +LR between 2 and 5, and -LR between 0.2 and 0.5 Rarely important shifts = +LR between 1 and 2, and -LR between 0.5 and 1 Irrelevant shifts = LR close to 1 Based on these guidelines, a clinical test was considered to be diagnostically accurate if it had a positive likelihood ratio greater than 10 and/or a negative likelihood ratio less than 0.1. Where 2 × 2 tables were provided in the studies or case, and control numbers could be confidently calculated to integer numbers from reported sensitivity and specificity values, 95% confidence intervals were calculated and reported. Meta-analysis was performed if there was homogeneity of methods used and tests investigated across studies.
Results

Identification and selection of studies
The search strategy yielded 760 studies. Initial screening reduced this to 25 studies by application of the inclusion and exclusion criteria to title and abstract. Full copies of the 25 studies were obtained. Twelve of these 25 studies were omitted because they did not meet the inclusion criteria, leaving a final yield of 13 studies (Figure 1) . No studies were obtained from a secondary search of the references of these studies.
Five of the 25 studies were omitted because insufficient data were presented to allow calculation of sensitivity and specificity values for the clinical tests (Bryant et al 2002 , Frost et al 1999 , Hertel et al 1996 , Norregaard et al 2002 , Scheibel et al 2005 . Arithmetical errors in data presentation by Hertel et al (1996) meant that sensitivity and specificity could not be calculated with confidence. Three studies used a reference standard that did not meet the inclusion criteria (Bak & Faunl 1997 , Litaker et al 2000 , Walch et al 1998 . One study did not specify the clinical tests used (Malhi and Khan 2005) . One study was not primarily testing for rotator cuff pathology and did not differentiate between rotator cuff and other shoulder pathology (Zaslav 2001) . One study used case scenarios rather than human subjects (Razmjou et al 2006) , and one study did not discriminate between labral and rotator cuff pathology (Meister et al 2004) . Table 2 summarises the clinical tests investigated, the reference standard used, and the participants investigated. Four studies evaluated participants with subacromial syndrome, and seven studies investigated supraspinatus testing. Four studies used magnetic resonance imaging as a reference standard, while nine studies relied on an operation report. The number of participants in the studies ranged from 42 to 552, with a mean sample size of 156. The age of the participants ranged from 24 to over 77 years. In the ten studies that provided figures, there were 403 female participants and 520 males. Table 3 presents the quality of the included studies. In eight of the 13 studies, the decision to perform the reference standard was independent of the results of the clinical tests, so that all the people who presented with shoulder pain (as opposed to only those with a positive test) received the reference standard. In five studies, only those who had surgery were included. Only two studies described blinded measurement of the clinical tests and reference standards (Ardic et al 2006 , Holtby & Razmjou 2004 .
Quality of studies
Diagnostic accuracy of the clinical tests
The 13 studies included in this review yielded 89 evaluations of diagnostic accuracy for 14 clinical tests. This reflected the evaluation of multiple tests (singly, in combination, or both) in individual studies; and often the evaluation of particular tests or combinations of tests in relation to more than one pathology (eg, partial thickness tear and complete rupture, respectively). Meta-analysis was not performed due to the variety of methods and tests used across the studies.
Only one evaluation of diagnostic accuracy produced a positive likelihood ratio above 10 and a negative likelihood ratio less than 0.1 (Table 4 ). The test involved palpation for diagnosing rupture of the supraspinatus tendon (Wolf and Agrawal 2001) . However, this result was not found in the only other study involving palpation (Lyons and Tomlinson 1992) .
Eight other evaluations of diagnostic accuracy produced a positive likelihood ratio above 10 or a negative likelihood ratio less than 0.1. Six of these evaluations produced a positive likelihood ratio above 10: combined Hawkins/ painful arc/infraspinatus test, Napoleon, lift-off, bellypress, and drop-arm test (evaluated twice in the one study). Two other evaluations produced a negative likelihood ratio less than 0.1: empty can test and the Hawkins-Kennedy test. However, in none of the tests was this diagnostic accuracy found in another study. Of the 89 evaluations 71 (80%) resulted in a positive likelihood ratio less than five and a negative likelihood ratio greater than 0.2 suggesting that they were inaccurate.
Impingement tests:
The sensitivity, specificity, and likelihood ratios for impingement tests are presented in Table 5 . The only impingement test to produce a positive likelihood ratio above 10 or a negative likelihood ratio below 0.1 was the Hawkins-Kennedy test (the shoulder is passively flexed to 90 degrees and passively internally rotated -pain indicates a positive test). However, this result was not found in six other evaluations across three studies (Calis et al 2000 , MacDonald et al 2000 , Park et al 2005 . The Neer (passive over-pressure of shoulder flexion) and horizontal adduction tests were shown to be inaccurate for the diagnosis of rotator cuff impingement in 13 evaluations across three studies (Calis et al 2000 , MacDonald et al 2000 , Park et al 2005 .
Supraspinatus tests:
The sensitivity, specificity, and likelihood ratios for supraspinatus tests are presented in Table 6 . Two evaluations of the drop-arm test for supraspinatus pathology (active shoulder abduction to 90 degrees, then return -dropping the arm down with pain indicates a positive test) produced a positive likelihood ratio above 10 or a negative likelihood ratio below 0.1 (Calis et al 2000) . These results were not found in five other evaluations across three studies (Calis et al 2000 , Murrell and Walton 2001 , Park et al 2005 .
The empty can test, also known as the supraspinatus test or Jobe test (resisted shoulder abduction in internal rotation), demonstrated diagnostic accuracy only once in 21 evaluations across six studies (Holtby and Razmjou 2004 , Itoi et al 1999 , Itoi et al 2006 , Kim et al 2006 , Leroux et al 1995 , Park et al 2005 . Kim et al (2005) reported a negative likelihood ratio of 0.03, using pain or weakness as a criterion, with full or partial thickness tears.
The full can test (resisted shoulder abduction in external rotation) demonstrated a lack of diagnostic accuracy in 13 evaluations of diagnostic accuracy, using pain and/or weakness as criteria, across three studies (Itoi et al 1999 , Itoi et al 2006 , Kim et al 2006 .
The painful arc test (a painful segment in the range of active shoulder abduction) demonstrated a lack of diagnostic Table 7 . Sensitivity, specificity, and likelihood ratios for infraspinatus tests. Table 8 . Sensitivity, specificity, and likelihood ratios for subscapularis tests.
Clinical test Table 9 . Sensitivity, specificity, and likelihood ratios for combination tests. accuracy for supraspinatus pathology in six evaluations across two studies (Calis et al 2000 , Park et al 2005 .
The two studies investigating palpation of the supraspinatus tendon for a tendon rupture both reported high sensitivity values (Lyons and Tomlinson 1992, Wolf and Agrawal 2001) . Wolf and Agrawal (2001) also found high specificity, thus producing the most accurate result reported in the review; a +LR of 29.91 and a -LR of 0.04 .
Infraspinatus tests:
The sensitivity, specificity, and likelihood ratios for infraspinatus tests are presented in Table 7 . The infraspinatus test (resisted external rotation with the arm at the side and elbow flexed to 90 degrees) was inaccurate in five evaluations across two studies (Itoi et al 2006 , Park et al 2005 . Patte's test (resisted external rotation in 90 degrees shoulder flexion, with the elbow supported by the examiner) also was inaccurate (Leroux et al 1995) .
Subscapularis tests:
The sensitivity, specificity, and likelihood ratios for subscapularis tests are presented in Table 8 . The bear-hug, belly-press, Napoleon, and lift-off tests are variants of subscapularis testing, involving active internal rotation of the shoulder in different positions of shoulder flexion. The evaluation of diagnostic accuracy for the lift-off test produced mixed results. The findings of Barth et al (2006) indicated the lift-off test to be an accurate test for diagnosing subscapularis pathology, using weakness as a criterion, with a sensitivity of 100%, resulting in a positive likelihood ratio of infinity. However, these results were not found by Itoi et al (2006) or Leroux et al (1995) . The belly-press (positive likelihood ratio of 19.05) and Napoleon (positive likelihood ratio of 11.9) tests produced positive likelihood ratios greater than 10, while the bearhug did not (Barth et al 2006) .
Combination tests:
The sensitivity, specificity, and likelihood ratios for combination tests are presented in Table 9 . Combinations of clinical tests produced one accurate result in six evaluations of diagnostic accuracy. When the Hawkins-Kennedy and/or Neer tests were used together, they were diagnostically inaccurate (Ardic et al 2006 , MacDonald et al 2000 . Park et al (2005) 
Discussion
The results indicate that although one evaluation showed a number of the clinical tests to be diagnostically accurate, these findings were not found by other evaluations. Furthermore, the methodological quality of the studies reported in this review was only fair which may have tended to overestimate diagnostic accuracy due to various forms of bias. Despite these methodological shortcomings, the reported accuracy of the clinical tests was still generally poor. Overall, the majority of clinical tests used to diagnose rotator cuff pathology were inaccurate.
The positive likelihood ratio above 10 found in some evaluations, suggests that a positive test for combined Hawkins/painful arc/infraspinatus tests, Napoleon, lift-off, belly-press, or drop-arm tests may increase the likelihood that rotator cuff pathology is present, ie, the clinician has greater confidence than before doing the test that the condition is ruled in. The negative likelihood ratio below The positive likelihood ratio above 10 and the negative likelihood ratio below 0.1 for palpation demonstrated in Wolf and Agrawal (2001) suggests that a positive test indicates that rotator cuff rupture is more likely to be present, while a negative test indicates that it is less likely to be present. However, the other study investigating palpation did not produce the same level of diagnostic accuracy. In other areas of clinical practice, such as the physical examination of people with spinal disorders, palpation has exhibited generally low levels of reliability (May et al 2006) . Palpation is a technique that is dependent on the skill of the assessor (Downey et al 1999 A recent systematic review examined studies concerning the accuracy of clinical tests for the shoulder, including rotator cuff and impingement tests (Hegedus et al 2008) . The current review differs from the review by Hegedus et al (2008) in a number of aspects. The current review is concerned solely with rotator cuff pathology, whereas Hegedus et al (2008) included all shoulder pathology. Hegedus et al (2008) also reported the results of studies that used computed tomography results (Walch et al 1998) or double contrast arthrography (Litaker et al 2000) as reference standards. We required both sensitivity and specificity to be provided for a study to be included, whereas Hegedus et al (2008) included studies with only one of these provided. Finally, there was concern that one of the key conclusions of Hegedus et al (2008) -that the empty can test could serve as a confirmatory test for impingement -may have been based on a typographical error, with the specificity of 98% not appearing to reflect the value of 50% reported in the original study (Itoi et al 1999) . Despite these differences, Hegedus et al (2008) examined 10 of the 13 papers included in the current review and, overall, the poor accuracy of clinical tests for rotator cuff pathology demonstrated in the current review was found in the results of Hegedus et al (2008) .
A possible explanation for the poor diagnostic accuracy found in this review could be that the tests are not anatomically valid. A recent systematic review on the anatomical basis of clinical tests of the shoulder found that there was a lack of evidence for anatomical validity for supraspinatus testing, and likely none for impingement (Green et al 2008 It may be that our present emphasis on pathological diagnosis at the shoulder is misguided. Perhaps clinicians should be describing signs and symptoms and speculating on pathology rather than trying to localise a specific pathologic structure. This is the approach recommended by Maitland and Banks (2001) for the treatment of spinal conditions, where a pathological diagnosis can only be made in about 15% of patients (Waddell 2004) . A diagnostic triage with patients categorised as having backache or serious pathology has been proposed (Wadell 2004) . A similar approach might be worthy of consideration for patients presenting with shoulder pain.
In conclusion, overall, most tests for rotator cuff pathology were inaccurate and cannot be recommended for clinical use. At most, suspicion of a rotator cuff tear may be heightened by a positive palpation, combined Hawkins/ painful arc/infraspinatus test, Napoleon test, Lift-off test, belly-press test, or drop-arm test and it may be reduced by a negative palpation, empty can test or Hawkins-Kennedy test. The poor accuracy of clinical tests for rotator cuff pathology could be related to a lack of anatomical validity of the tests or it may be that the close relationships of structures in the shoulder may make it difficult to identify specific pathologies with clinical tests.
eAddenda: Appendix 1 available at www.physiotherapy. asn.au/AJP
